Base-pairing properties of O-methylated bases of nucleic acids. Energetic and steric considerations.
Base-pairing properties of O-methylated nucleic-acid bases have been systematically investigated using both semi-empirical quantum-mechanical methods and a second-order perturbation formalism. The energetic, steric and electronic properties of (a) the individual methylated bases, (b) possible base-pairs formed between O-methylated and normal bases, and (c) mini-helices incorporating O-methylated bases were calculated. Two types of base-paired complexes were obtained: Those involving classical linear hydrogen bonds, and those involving bifurcated hydrogen-donor-hydrogen-acceptor interactions. In most complexes the presence of mispairs in the helical structure of nucleic acids is expected to create a local perturbation in the structure of the helix. Even though the most stable planar configurations of the mispairs may deviate markedly from those in the regular double helix, the induced deformations in the structure of the backbone are relatively small. Internal energies and geometries of mispairs are strongly affected by the conformation of the exocyclic group of the methylated bases. Another important contribution to the stability of various base-pairing schemes comes from stacking interactions.